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Description

The present invention relates to a closed inter-
mittent process for drying moist material distri-
buted to expose a large area to a gas flowing
through the material and stacked in such a
manner that a moderate gas flow resistance is
obtained. The material to be dried may be, for
example, grain, fibre crops, timber, granulates or
liquid products which are spread on horizontal
metal sheets.

In particular the present invention relates to a
closed intermittent process for drying moist
material, in which process gas is circulated inter-
nally for transporting vaporization heat and water
vapour out of the material to be dried and for
heating the material to be dried, said material
being stored in at least two essentially equally
large lots, each in one essentiaily gas-tight
chamber; a first circulating gas fiow cooled
against a cooling medium flow and a second
circulating gas flow heated against a heating
medium flow being alternately conducted
through said one lot during a cooling/drying cycle
and during an equally long heating cycle, and a
third circulating gas flow heated against a heating
medium flow and a fourth circulating gas flow
cooled against a cooling medium flow being
simultaneously conducted through the other lot
reversely and alternately during a heating cycle
and during a cooling/drying cycle.

A process of this type is known from the
document US—A—3 965 696.

The process utilizes a circuit integrated with the
drying process and having a cooling surface for
cooling a moisture-carrying gas flow and for
condensing water vapour. The material is dried
intermittently by means of a gas flow which is
colder than the material and which is successively
heated by heat exchange when flowing through
the material. During heating, the gas flow takes
up an increasing amount of vapour which is
expelled from the goods to the gas because of the
vapour pressure difference between warmer
material and colder gas. Also the requisite heat-
ing and evaporation heat is supplied intermit-
tently to the material by means of a substantially
greater gas flow which is warmer than the
material. Cycling between cooling/drying and
reheating is effected between at least two prefer-
ably gastight chambers within which the total
amount of the material to be dried is distributed in
two substantially equal lots, the enthaipy flow
from the cooling/drying in one chamber prefer-
ably being transferred by a refrigerating machine
for reheating in the other chamber, simul-
taneously as condensate is precipated on the
cooling surface of the refrigerating machine. In
other words, an enthalpy quantity is moved back
and forth between the chambers at a given
frequency during cyclic heat storage in the lots of
material to be dried.

According to the invention, the heated second
and third gas flows are circulated in essentially
larger volumetric flows than the cooled first and
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fourth gas flows, said first gas flow being con-
ducted in a direction opposite to that of the
second gas flow through said first lot of material
and said third gas flow being conducted in a
direction opposite to that of the fourth gas flow in
the second lot of material.

If the process is combined with an efficient
cooling, for example by means of a refrigerating
machine, a thermodynamically highly efficient
drying is accomplished, also at low drying
temperatures. Drying may be effected at a
temperature level and in a closed gas environ-
ment in which the nutrient value and taste of, for
example, different crops are maintained remark-
ably well.

The process according to the invention makes it
possible, at low investment cost, to combine
longterm storage of a moist organic material at a
quality-preserving temperature ievel and in gase-
ous environment with a successive slow drying-
out which is extended during the storage period.

Atmospheric moisture may also in itself be
regarded as a material to be dried. Furthermore,
the drying process is applicable to moisture con-
trol in moisture-producing environment, for
example in greenhouses, the air volume being
divided in similar manner into at least two
separate parts which have substantially the same
size and are alternately cooied/dried and rehe-
ated, respectively.

The invention will be described in more detail
below, reference being had to the accompanying
drawings.

Fig. 1a illustrates a plant which is intended to be
used with the process according to the invention
and which comprises two chambers, one of which
is cooled/dried and the other is heated.

Fig. 1b shows the chambers according to Fig. 1a
when subjected to the inverse treatment.

Figs. 2a and 2b illustrate a cooling/heating
device comprised by the plant.

Fig. 3 illustrates an embodiment comprising a
storing/drying device.

Fig. 4a—c illustrate, as a further embodiment,
and in plan and sectional views, the moisture
control in closed cultivation chambers, such as
greenhouses.

The material to be dried, which in the embodi-
ment iliustrated in Figs. 1a and 1b is timber, is
stacked in two equally large iots 31, 32, each in
one gastight and preferably heat-insulated
chamber 1 and 2, respectively. Stacking is carried
out according to the type of the material to be
dried and by methods not explained in detail, to
provide for fairly uniform distribution of a gas
flow across the surface of the material. During a
cooling/drying cycle, a gas flow 11 is circulated
through the chamber 1 alternately with an essen-
tially larger gas flow 12 during an equally long
heating cycle, and at the same time an essentially
larger gas flow 22 is circulated in the chamber 2
during a heating cycle, alternately with a gas flow
21 during a cooling/drying cycle. In respect of
enthalpy and time, the gas flow 11 is coupled with
the gas flow 22, and the gas flow 12 is coupled
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with the gas flow 21 via a refrigerating machine-
heat exchanger 4 which comprises two circuits
with the surfaces 46 and 47 each conducting a gas
flow 11, 12 and 22, 21, respectively, and a working
fluid 45a, 45b and 44a, 44b, respectively, serving
either as a cooling medium flow or as a heating
medium flow, depending upon whether the
chambers 1, 2 are to be cooled/dried or heated.
For example, if the chamber 1 is to be cooled/
dried and the chamber 2 is to be heated, the
surface 46 serves as a cooling surface and the
surface 47 as a heating surface, a refrigerating
machine 43 transferring enthalpy from the cool-
ing surface 46 to the heating surface 47. When the
chambers are subjected to the inverse treatment,
the surface 46 naturally serves instead as a
heating surface and the surface 47 as a cooling
surface.

The mean temperature in the lots 31, 32 are
designated To, and this temperature varies down-
wardiy/upwardly during the cooling/heating
cycles by a relatively small amount AT, During a
heating cycle, the enthalpy quantity 2(C, - ATo) (in
which C, represents the specific heat capacity in
kcal/kg - K) in a lot of material, and this enthalpy
quantity is taken up during the subsequent cool-
ing/drying cycle by a cooled gas flow, mainly in
the form of vapour formation heat.

As will appear from Figs. 1a and 1b, the cooled
gas flows 11 and 12 are conducted in a direction
opposite to that of the heated gas flows 12 and 22
in the chambers 1 and 2, respectively. As a result,
drying will be fairly uniform across the entire
drying bed, and the temperature differences
between cooled and heated gas flows are mini-
mised, which has a positive effect on the running
economy of the refrigerating machine 43.

The entire cycle which comprises a cooling/
drying cycle and a heating cycle, will now be
described in more detail with reference to Figs. 1a
and 1b. As will appear from Fig. 1a, a gas flow 11
is cooled to a temperature T; which is about
10—15°C lower than the temperature T, of the lot
31. While passing through this lot, the gas stream
11 is successively heated and takes up water
vapour which is expelled from the material
because of the vapour pressure difference. Since
the gas fiow is small and the heat dissipating
surface of the material to be dried is large, the
said gas flow 11 leaves the chamber 1 at a
temperature T,~T, having a high vapour content,
and is then cooled to T; and dehumidified in the
refrigerating machine-heat exchanger 4 which
transfers the enthalpy flow to the lot 32 in the
chamber 2 via a gas flow 22 circulating through
this chamber and operating with a temperature
difference (T,—T,), Ta=To. The enthalpy transport
of the moisture-carrying enthalpy-rich gas flow 11
is meant to balance the enthalpy transport of the
enthalpy-poor gas flow 22 which transports no
moisture and which therefore has a considerably
larger volumetric flow.

As will be appreciated from the above, the
steam formation heat for expelling moisture from
the lot 31 has been taken from the material itself.
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This loss of enthalpy is replaced during the
second half of the cycle, during which the roles
are reversed and the lot 32 is cooled/dried with a
gas flow 21, and the lot 31 is reheated by means
of a larger, heated gas flow 12. Any non-uniform
drying during the drying process is corrected for
during the heating, and the moisture content in
the material is balanced.

Figs. 2a and 2b illustrate schematically an
embodiment of the refrigerating machine-heat
exchanger 4. A gas/liquid heat exchanger 41
having a surface 46 is connected in series with the
chamber 1 and provided with a two-stage fan 5a
for either a smaller volumetric flow 11 or a larger
volumetric flow 12. An identical heat exchanger
42 having a surface 47 is connected in series with
the chamber 2 and provided with a two-stage fan
5b for a smaller fluid 21 and a larger flow 22,
respectively. Cooling/heating of said gas flows is
effected by means of a heated liquid flow 45b, 44b
and a cooled liquid flow 45a, 44a which are
connected alternately via controlled magnetic
valves from a refrigerating machine 43 for liquid/
liquid. This machine preferably is designed in
accordance with Swedish patent application
8306037-6 (publication no. 439832). The
refrigerating machine 43 comprises, in this
embodiment, a compressor-operated water
cooler in combination with two hot water tanks
441, 442 and two cooling water tanks 451, 452.

It appears from Fig. 2a which shows one half of
the cycle, that the pair of tanks 441/452 are
charged separately, while the tank 451 takes up
heat in the operating range T,'/T;’ from the gas
flow 11, while the tank 442 gives off heat to the
larger gas flow 22 in the operating range Ta'T4'.

Fig. 2b which shows the other half of the cycle,
illustrates how said pair of tanks 451/442 are
charged by means of the refrigerating machine
43, while the tank 441 heats the larger gas flow 12,
and the tank 452 cools the smaller gas flow 21.

The calculation below shows that an excellent
total running economy is obtainable if an efficient
heat exchanger with low thermal resistance is
used.

Fig. 3 illustrates an embodiment in which the
material to be dried is grain stored in two heat-
insulated chambers 1 and 2 in equal lots of 1,000
tons each, said chambers being equipped in
known manner with A-shaped venting ducts 6.
Since grain which is still moist from harvest may
be stored at +10°C without deteriorating, the
grain thus has been stored at To=+10°C, and is
dried for 6 months or about 4,000 hours. This
means that, when drying is to be carried out from
a moisture content of 19% to a moisture content
of 14%, 80 tons of water must be evaporated from
each chamber, and this means in total that 40 kg
of water must be evaporated per hour. When
T,=To=+10°C and T,=0°C, 4 g/kg of gas flow 11
are carried away, the requisite cooling/drying
flow=40,000/4=10,000 kg/h, and the requisite
cooling effect=10%10,000x0.24+40X 600=48,000
kecal/h. If AT=T,~To=4°C for the gas flow 22, the
enthalpy flow will be 4x0.24=1 kcal/kg, and the
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corresponding volumetric flow will then be 48,000/
1=48,000 kg/h. Since these air flows are extremely
moderate compared to the storage volume within
the chambers, the static counterpressure will be
low.

With an efficient heat exchanger, for example a
thin-film heat exchanger as disclosed by SE patent
application 8008235-7 (publication no. 444362),
there is no difficulty in maintaining a temperature
difference of 3°. In this manner there is obtained:

T{=-3C T,'=+7°C

T'=+13°C T,/=+17°C
The cooling unit is operating with the mean values
of the these temperatures, i.e. +2°C/+15°C

Evaporation/condensation=-—2°C/+20°C

Cooling factor Carnot=271/22=12

Cooling factor eff.=0.5x12=6

Total energy requirement cooling unit=

48,000x 4,000

38,000 kwh
6x860

Total energy requirement fans=

20,000 kwh
5X4,000=
58,000 kwh

Energy requirement drying=58,000/2,000
=29 kwh/ton

This value should be compared with the energy
requirement during hot air drying =100 kwh/ton.
Moreover, a conventional hot air drier must be
dimensioned for a very short, energy-intensive
harvesting season, and the capital expenditure for
such drying will therefore be high. The drying
process according to the present invention makes
it possible to extend the drying time by a factor 10,
and capital expenditure will therefaore be reduced
correspondingly.

The closed drying system is supplied with
energy via fans and cooling compressors, and
positive or negative heat exchange with the
ambient atmosphere is carried out. In order to
maintain a specific storage temperature, +10°C in
the embodimentillustrated, it may be necessary to
divert excess heat to the ambient atmosphere,
which is done by means of an external cooling
circuit 7 consisting of, for example, an evaporator/
water shower heat-exchanged by means of a
cooling surface 71 towards the internal circulation
system of the drying process, preferably towards
the cooled gas flows 11, 21, said cooling surface 71
contributing to the condensation of the water
vapour.

The above-mentioned diversion of excess heat
is utilised also for cooling freshly harvested grain
to storage temperature. The cooling capacity of
the cooling unit, which is 48,000 kecal/h, makes it
possible to cool 75 tons/h from +20°C to +10°C.
The entire storage volume of 2,000 tons may thus
be cooled in about 12 days, which well fits in with
the harvesting season.
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The above-mentioned example shows that dry-
ing according to the process of the present inven-
tion may be carried out with a high thermody-
namic efficiency also at low temperatures. When
drying is effected at higher temperatures, the
enthalpy quantity in the water vapour is increased
to a high degree in relation to the enthalpy quantity
in the corresponding transport gas, simul-
taneously as the relative fan work is reduced
considerably. Both factors increase the drying
yield.

The gas flows 11, 12, 21, 22 are conducted in
circuits which are gastight to the ambient atmos-
phere. The gas may be air, but preferably is a gas
or a gaseous mixture which effectively checks the
growth of noxious fungus or germ cultures. For
example, the gaseous mixture may be highly
deficient in oxygen or have a suitable content of a
toxic gas, such as carbon dioxide or ozone.

In the example referred to above, the cooling
process comprises a cooling surface which has
freezing temperature and thus is in need of
defrosting. However, the heat exchange arrange-
ment described above and comprising cylic heat-
ing/cooling of the heat exchanging surfaces 46, 47
makes it possible to provide for cyclic defrosting.

The cycling frequency is adapted generally to
the drying rate and the specific heat capacity C, of
the material to be dried, such that the temperature
variations £AT, in the material are rather small,
more particularly in the order of one or a few
degrees. In the example described above, which
comprises the combination low drying rate/high
specific heat capacity, the cycling frequency, if
ATo=0.5°C, will be =1 drying cycle/day.

In other examples comprising high drying rate/
low specific heat capacity, the cycling frequency
may be in the order of a few minutes. During
drying, the heat capacity of the material to be dried
is reduced successively because of the water
disposal. If the drying rate is unchanged, the
cycling frequency will be increased concurrently
with the drying rate. ’

Figs. 4a—c illustrate an alternative embodiment
of the refrigerating machine-heat exchanger unit
4, and in this case the air-drying process has been
applied to a cldsed greenhouse environment. In
this embodiment, the chambers 1, 2 are coupled -
alternately with the heat exchangers 41, 42 by
means of adjustable dampers. In this embodi-
ment, the chambers 1, 2 are two separate equally
large greenhouse chambers separated by a
common partition 81. In this application of the
invention, the material to be dried is in the form of
enclosed air masses 91, 92 and plant masses 101,
102. A vertical air cooling exchanger 41 having a
surface 46, and a vertical hot air exchanger 42
having a surface 47 are incorporated in the parti-
tion 81. Adjustable lower and upper dampers 461,
471 and 462, 472, respectively, serve to circulate
either the air mass 91 or the air mass 92 through
either exchanger.

The cooling air exchanger 41 is dimensioned for
cooling an air flow by about 10°C and opens over a
permeable transparent ceiling film 82. The hot air
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exchanger 42 is dimensioned for heating an air
stream which is about 5 times larger by about 5°C
and opens beneath the ceiling film 82, for
example by means of an air-distributing perfor-
ated tubular sheeting. Furthermore, a cooling
medium flow 45 is conducted through the air
cooling exchanger 41, while a heating medium
flow 44 is conducted through the hot air
exchanger 42, and a refrigerating machine 43
transfers enthalpy from the cooling medium flow
45 to the heating medium flow 44. The ceiling film
82 divides the chambers 1, 2 into upper zones 1b,
2b and lower zones 1a, 2a, between which but an
insignificant spontaneous mixing of air occurs.

A drying cycle thus is carried out in the follow-
ing manner. An initially heated and vapour-rich
air mass 91 is circulated during one half of the
cycle via a flow 11 during cooling and dewatering
in the cooling exchanger 41, via the upper zone 1b
and distributed via perforations in the ceiling film
82 back to the chamber zone 1a. The temperature
of the air mass 91 is reduced successively so that
also the temperature of the plant mass 101 is
decreased, but with a certain time lag. A positive
vapour pressure differential continuously expels
water vapour from the plant to the air which
attains near saturation. During cooling, the cool-
ing exchanger 41 thus will operate with a gas flow
11 having a high vapour content. The enthaipy
flow from the cooling exchanger 41 is transferred
to the heat exchanger 42, and the air mass 92 is
circulated therethrough and through the lower
zone 2a in the form of an air flow 22. The initially
cooled air mass 42 is successively heated while
taking up an increasing amount of vapour from
the plant mass 102 which, simultaneously with
the air circulation, is supplied with fresh vapour
formation heat.

During the second half of the drying cycle, the
roles are reversed by reversal of all dampers,
such that the material 91, 101 in the chamber 1 is
reheated by circulation of the air mass 91ina flow
12 through the heat exchanger 42, while the
material 92, 102 in the chamber 2 is cooled/dried
by circulation of the air mass 92 in a flow 21
through the cooling exchanger 41.

A side effect of this distribution of the cooled air
flows 11, 21 in the upper distribution zones 1b, 2b
is that the heat exchange of the chambers 1, 2
with the colder ambient atmosphere, via the
ceiling surfaces of said chambers, is essentially
reduced.

The mode of operation of the refrigerating
machine-heat exchanger unit 4 in this last-men-
tioned embodiment distinguishes from the
embodiment previously described in connection
with Fig. 2 in that the cooled gas flows 11, 21 are
periodically alternately conducted, by means of
dampers or a valve arrangement, across a con-
tinuously operating cooling surface 46, and that
the heated gas flows 22, 12 are conducted, in a
corresponding manner, periodically and alter-
nately across a continuously operating heating
surface 47. In actual practice, this mode of oper-
ation may be preferred for drying at such
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temperature levels where the cooling surface
need not be defrosted, and in drying processes
having a high cycling frequency.

As will appear from the above description, the
drying process according to the present invention
has a broad zone of application, both in respect of
the type of the material to be dried and the type of
drying environment.

Top quality drying is accomplished in that
damage due to fungus or germ growth can be
avoided by suitable selection of the gaseous
environment, and damage in the form of desicca-
tion cracks can be avoided in that, with this drying
technique, the material isdried in a direction from
its interior to its outer side. The above-mentioned
enthalpy transfer between cooled and heated gas
flows by means of a refrigerating machine
furthermore provides for a high degree of energy.

By renouncing the high degree of energy effi-
ciency, but retaining the quality gains referred to,
it is possible within the scope of the present
invention to effect cooling of the first and fourth
gas flows 11, 21 in the cooling surface 46 by
means of an external cooling medium, for
example a cooling water flow, and corre-
spondingly heating of the second and third gas
flows 12, 22 may take piace in the heating surface
47 by means of an external heating medium, such
as a hot water flow.

Claims

1. A closed intermittent process for drying
moist material, in which process gas is circulated
internally for transporting vaporization heat and
water vapour out of the material to be dried and
for heating the material to be dried, said material
being stored in at least two essentially equally
large lots (31, 32; 91, 101, 92, 102), each in one
essentially gastight chamber (1, 2); a first circulat-
ing gas flow (11) cooled against a cooling
medium flow (45a; 45) and a second circulating
gas flow (12) heated against a heating medium
flow (45b; 44) being alternately conducted
through said one lot (31; 91, 101) during a
cooling/drying cycle and during an equally long
heating cycle, and a third circulating gas flow (22)
heated against a heating medium flow (44b; 44)
and a fourth circulating gas flow (21) cooled
against a cooling medium flow {(44a; 45) being
simultaneously conducted through the other lot
(32; 92, 202) reversely and alternately during a
heating cycle and during a cooling/drying cycle,
characterized in that the heated second and third
gas flows (12, 22) are circulated in essentially
larger volumetric flows than the cooled first and
fourth gas flows (11, 21), and in that said first gas
flow (11) is conducted in a direction opposite to
that of the second gas flow (12) through said first
lot of material (31; 91, 101) and said third gas flow
is conducted in a direction opposite to that of the
fourth gas flow (21) in the second lot of material
(32; 92, 102).

2. A process as claimed in claim 1, in which a
first and a second surface (46, 47) together with a
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refrigerating machine (43) form a refrigerating
machine-heat exchanger unit (4) by which
enthalpy from the cooled first and fourth gas flows
(11, 21} is transferred to the second and third
heated gas flows (12, 22).

3. A process as claimed in claim 1 or 2, in which
the gas flows {11, 12, 21, 22) are formed of agas or
gaseous mixture which has a growth-inhibiting
effect on fungus or germ cuitures by high defici-
ency of oxygen or a high content of toxic com-
ponents, such as carbon dioxide or ozone.

4. A process as claimed in any one of claims
1—3, in which the cycling frequency of the cooling/
drying and the heating, respectively, of the lots of
material (31, 32; 91, 101, 92, 102) is adapted to the
drying rate and specific heat capacity (C,) of the
respective lot (31, 32; 91, 101, 92, 102), such that
the mean temperature (To) in the material varies
with an amount (+AT,) in the order of one or a few
degrees.

5. A process as claimed in any one of claims
1—4, in which the cycling frequency is increased
concurrently with the drying of the material,
whereby the specific heat capacity (C,) is succes-
sively reduced.

6. A process as claimed in any one of claims
1—S5, in which excess heat from the plant, genera-
ted during the process, is diverted, for application
of said process, to the ambient atmosphere by
means of a heat exchanger device (7, 71) which
preferably is heat-exchanged towards the cooled
first and fourth gas flows (11, 21).

7. A process as claimed in any one of claims
2—b5, in which the firstand second surfaces (46, 47)
are comprised, on the one hand, by a gas heat
exchanger (41) connected in series in said first
chamber (1) with said first and second gas flows
{11, 12) and, on the other hand, a gas heat
exchanger (42) connected in series in said second
chamber (2) with said third and fourth gas flows
{22, 21) and by means for alternately conducting
the cooling medium flow (45a, 44a) and the
heating medium flow {45b, 44b) through the gas
heat exchangers (41, 42).

8. A process as claimed in any one of claims
2—5, in which said first surface (46) is comprised
by a gas cooling exchanger (41) through which the
cooling medium flow (45) is constantly conducted
and which, by means of a damper or valve
arrangement {461, 462), is connected alternately in
series with either one of the cooled first and fourth
gas flows (11, 21), and in which said second
surface {47) is comprised by a gas heat exchanger
(42) through which the heating medium flow (44) is
constantly conducted and which, by means of a
damper or vaive arrangement (471, 472), is con-
nected alternately in series with either one of the
said heated second and third gas flows (11, 22).

Patentanspriiche

1. Geschlossenes intermittierendes Verfahren
zum Trocknen von feuchtem Gut, bei welchem
Verfahren ein Gas intern zum Transport von
Verdampfungswérme und Wasserdampf aus dem
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Trockengut und zum Erwérmen des Trockenguts
umgewilzt wird, wobei das Trockengut in zumin-
dest zwei im wesentlichen gleichgrossen Posten
{31, 32; 91, 101, 92, 102) in je einer hauptséchlich
gasdichten Kammer {1, 2) gelagert wird; und
wobei eine erste umlaufende und gegen eine
Kuhimittelstromung (45a; 45) gekiihlte Gasstro-
mung {11) und eine zweite umlaufende und gegen
eine Warmemittelstromung (45b; 44) erwirmte
Gasstromung {12) wahrend eines Kiihl/Trockenzy-
klus und wéhrend eines gleichlangen Erwiér-
mungszyklus abwechselnd durch den genannten
einen Posten (31; 91, 101) geleitet werden, und
eine dritte umlaufende und gegen eine Warmemit-
telstromung (44b; 44) erwarmte Gasstromung (22)
und eine vierte umiaufende und gegen eine Kihi-
mittelstrémung (44a; 45) gekiihite Gasstromung
(21) gleichzeitig wdhrend eines Erwadrmungsz-
vklus und wiéhrend eines Kihl/Trockenzyklus
umgekehrt und abwechselnd durch den zweiten
Posten (32; 92, 102} geleitet werden, dadurch
gekennzeichnet, dass die erwdrmten zweiten und
dritten Gasstromungen (12, 22) in wesentlich
grésseren volumetrischen Strémungen als die
gekiihiten ersten und vierten Gasstromungen (11,
21) umgewilzt werden, und dass die erste Gas-
stromung {11) in einer zur Richtung der zweiten
Gasstromung (12) entgegengesetzten Richtung
durch den ersten Posten {31; 91, 101) geleitet wird,
wahrend die dritte Gasstrémung in einer zur
Richtung der vierten Gasstrémung {21) entgegen-
setzten Richtung durch den zweiten Posten (32; 92,
102) geleitet wird.

2. Verfahren nach Anspruch 1, bei welchem eine
erste und eine zweite Flache (46, 47) zusammen
mit einer Kithimaschine (43) eine Kithimaschinen/
Warmetauschereinheit (4) bilden, mittels welcher
Enthalpie von den gekiihiten ersten und vierten
Gasstromungen {11, 21) an die zweiten und dritten
erwarmten Gasstromungen (12, 22) lbertragen
wird.

3. Verfahren nach Anspruch 1 oder 2, bei
welchem die Gasstromungen (11, 12, 21, 22) von
einem Gas oder einem Gasgemisch gebildet sind,
das infolge eines hohen Sauerstoffmangels oder
eines hohen Gehaits an giftigen Komponenten,
wie Kohlendioxid oder Ozon, eine wachstumhem-
mende Einwirkung auf Pilz- oder Bakterienkuttu-
ren hat.

4. Verfahren nach einem der Anspriiche 1—3,
bei welchem die Zyklusfrequenz der Kiihlung/
Trocknung bzw. der Erwérmung der Posten (31,
32; 91, 101, 92, 102) der Trockengeschwindigkeit
und der spezifischen Wérmekapazitat (C,) des
betreffenden Postens (31, 32; 91, 101, 92, 102)
angepasst werden, derart, dass die durchschnittli-
che Temperatur (To) im Trockengut um einen
Betrag (+£AT,) der Gréssenordnung ein bis einige
Grade schwankt.

5. Verfahren nach einem der Anspriiche 1—4,
bei welchem die Zyklusfrequenz gleichzeitig mit
dem Trocknen des Trockenguts erhéht wird,
wodurch die spezifische Wérmekapazitat (C,) suk-
zessiv reduziert wird.

6. Verfahren nach einem der Anspriiche 1—5,
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bei welchem im Laufe des Verfahrens von der
Anlage zur Verwendung des Verfahrens erzeugte
Ueberschusswirme mit einer vorzugsweise mit
den gekiihlten ersten und vierten Gasstromungen
(11, 21) im Wérmeaustausch stehenden Warmet-
auschvorrichtung (7, 71) an die Umgebung abge-
leitet wird.

7. Verfahren nach einem der Anspriiche 2—5,
bei welchem die ersten und zweiten Fldchen (46,
47) teils von einem in der ersten Kammer (1) mit
den ersten und zweiten Gasstrémungen (11, 12)
reihengeschalteten Gaswérmetauscher (41) und
teils von einem in der zweiten Kammer (2) mit den
dritten und vierten Gasstromungen (22, 21) rei-
hengeschalteten Gaswéarmetauscher (42) sowie
von Mitteln gebildet sind, die die Kiihimittelstro-
mung (45a, 44a) und die Warmemittelstromung
(45b, 44b) abwechselnd durch die Gaswérmetau-
scher (41, 42) leiten.

8. Verfahren nach einem der Ansprliche 2—5,
bei welchem die ersten Fliche (46) von einem
Gaskihlungstauscher (41) gebildet ist, der kon-
stant von der Kihimittelstrdmung (45) durch-
stréomt wird und der mittels einer Schieber- oder
Ventileinrichtung (461, 462) abwechselnd mit der
einen oder anderen der gekihiten ersten und
vierten Gasstromungen {11, 21) reihengeschaltet
wird, und bei welchem die zweite Flache (47) von
einem Gaswarmetauscher (42) gebildet ist, durch
den die Warmemittelstrémung (44) konstant
geleitet wird und der mittels einer Schieber- oder
Ventileinrichtung (471, 472) abwechseind mit
dem einen oder anderen der erwdrmten zweiten
oder dritten Gasstromungen (11, 22) reihenge-
schaltet wird.

Revendications

1. Procédé de séchage intermittent fermé d'une
matiére humide, procédé selon lequel du gaz est
mis en circulation interne pour transporter de la
chaleur de vaporisation et de la vapeur d’eau hors
de la matiére a sécher et pour chauffer la matiére
3 sécher, ladite matiére étant stockée en au moins
deux lots de dimensions sensiblement égales {31,
32; 91, 101, 92, 102), chacun dans une chambre (1,
2) sensiblement étanche aux gaz; un premier
courant gazeux circulant (11) refroidi contre un
courant de fluide de refroidissement (45a; 45) et
un second courant gazeux circulant {12) chauffé
contre un courant de fluide de chauffage (45b; 44)
étant dirigés en alternance a travers 1'un desdits
lots (31; 91, 101) pendant un cycle de refroidisse-
ment/séchage et pendant un cycle de chauffage
d'égale durée, tandis qu’un troisiéme courant
gazeux circulant (22) chauffé contre un courant de
fluide de chauffage (44b6; 44) et un quatriéme
courant gazeux circulant (21) refroidi contre un
courant de fluide de refroidissement (44a; 45)
sont dirigés simultanément & travers l'autre lot
(32: 92, 202) en sens contraire et en alternance
pendant un cycle de chauffage et pendant un
cycle de refroidissement/séchage caractérisé par
le fait que les second et troisieme courants
gazeux chauffés (12, 22} sont mis en circulation
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sous la forme de courants volumétriques sensi-
blement plus grands que les premier et quatriéme
courants gazeux refroidis (11, 21), et par le fait
que ledit premier courant gazeux (11) est dirigé
dans une direction opposée a celle du second
courant gazeux (12) a travers ledit premier lot de
matiére (31; 91, 101) et ledit troisiéme courant
gazeux est dirigé dans une direction opposée a
celle du quatriéme courant gazeux (21) dans le
second lot de matiédre (32; 92, 102).

2. Procédé selon la revendication 1, dans lequel
une premiére et une seconde surfaces (46, 47),
conjointement avec une machine frigorifique (43),
forment une unité machine frigorifique-échan-
geur de chaleur (4), par laquelle |’enthalpie prove-
nant des premier et guatriéme courants gazeux
refroidis (11, 21) est transférée aux second et
troisiéme courants gazeux chauffés (12, 22).

3. Procédé selon la revendication 1 ou 2, dans
lequel les courants gazeux (11, 12, 21, 22) sont
formés d’un gaz ou d'un mélange gazeux qui a un
effet inhibiteur de croissance sur des cultures de
champignons ou de microorganismes par une
déficience élevée en oxygéne ou une teneur
élevée en composants toxiques, tels que le
dioxyde de carbone ou I'ozone.

4. Procédé selon |'une quelcongue des revendi-
cations 1 & 3, dans lequel la fréquence des cycles
du refroidissement/sécharge et du chauffage des
lots de matiére respectivement, (31, 32; 91, 101,
92, 102) est adaptée 3 la vitesse de séchage eta la
capacité de chaleur massique (C,) du lot respectif
(31, 32; 91, 101, 92, 102), de telle sorte que la
température moyenne {T,) dans la matiére varie
d'une quantité (+AT,) de I'ordre d'un ou de
quelques degrés.

5. Procédé selon I'une quelconque des revendi-
cations 1 a 4, dans lequel la fréquence des cycles
est augmentée concurremment avec le séchage
de la matiére, ce par quoi la capacité de chaleur
massique (C,) est consécutivement réduite.

6. Procédé selon I'une quelconque des revendi-
cations 1 & 5, dans lequel la chaleur en excés
provenant de I'installation, engendrée pendant le
procédé, est détournée, pour 'application dudit
procédé, dans l'atmosphére ambiante & |'aide
d’un dispositif échangeur de chaleur (7, 71), qui,
de préférence, réalise un échange de chaleur
envers les premier et quatriéme courants gazeux
refroidis (11, 21).

7. Procédé selon 'une quelconque des revendi-
cations 2 a 5, dans lequel les premiére et seconde
surfaces (46, 47) sont constituées d’une part, par
un échangeur de chaleur de gaz (41) relié en série,
dans ladite premiére chambre (1), avec lesdits
premier et second courants gazeux (11, 12), et,
d’autre part, par un échangeur de chaleur de gaz
(42) relié en série, dans ladite seconde chambre
(2), avec lesdits troisiéme et quatrieme courants
gazeux (22, 21) et par des moyens pour diriger en
alternance le courant de fluide de refroidissement
(46a, 44a) et le courant de fluide de chauffage
(45b, 44b) a travers les échangeurs de chaleur de
gaz (41, 42).

8. Procédé selon I'une quelconque des revendi-
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cations 2 & 5, dans lequel ladite premiére surface
(46} est constitué par un échangeur de refroidisse-
ment de gaz {41) a travers lequel le courant de
fluide de refroidissement (45) est dirigé de fagon
constante et qui, a I'aide d'un dispositif de regis-
tres ou de soupapes (461, 462), est relié en
alternance en série avec 'un ou l'autre des pre-
mier et quatriéme courants gazeux refroidis {11,
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21), et dans lequel ladite seconde surface (47) est
constituée par un échangeur de chaleur de gaz
(42) & travers lequel le courant de fluide de
chauffage (44) est dirigé de fagon constante et
qui, 4 'aide d’'un dispositif de registres ou de
soupapes (471, 472), est relié en alternance en
série avec I'un ou 'autre des second et troisieme
courants gazeux chauffés (11, 22).

o
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